Peripheral nerve injury promotes the release of brain derived neurotrophic factor (BDNF) from 30 spinal microglial cells and primary afferent terminals. This induces an increase in dorsal horn 31 excitability that contributes to 'central sensitization' and to the onset of neuropathic pain. 32
3

Introduction 51
Chronic constriction injury (CCI) of the sciatic nerve induces pain-related behaviors in 52 experimental animals that are ethically and scientifically accepted as a model for human 53 neuropathic pain (Mosconi & Kruger, 1996) . Seven or more days of CCI promotes aberrant 54 spontaneous activity in first order primary afferent neurons (Amir et therefore be used to mimic changes in the extracellular environment of spinal neurons that 68 accompany peripheral nerve injury in vivo. We have shown that BDNF increases the overall 69 excitability of spinal cord slices maintained in organotypic culture (Lu et al., 2009a; Biggs et al., 70 2010b; Lu et al., 2007) . Defined medium cultures were exposed to 200ng/ml neurotrophin for 5-71 6d and excitability assessed by monitoring the changes in intracellular Ca responses than controls. Moreover, both sciatic CCI and 5-6 days exposure to BDNF increase the 74 excitatory synaptic drive to putative excitatory neurons whilst reducing that to putative inhibitory 75 neurons Lu et al., 2007; Lu et al., 2009a; Biggs et al., 2010b) . 76
The effects of peripheral nerve injury or BDNF on inhibitory transmission in the dorsal 77 horn are more complex and incompletely understood (Sandkuhler, 2009 ). The majority of the 78 findings are consistent with impairment of the actions of the inhibitory neurotransmitters, GABA 79 and/or glycine . For example, CCI attenuates GABAergic primary afferent depolarization (Laird 80 & Bennett, 1992) and both CCI and BDNF reduce the amplitude of spontaneous and/or evoked 81
IPSCs (Moore et al., 2002; Coull et al., 2005; Bardoni et al., 2007) . It is also known that 82 intrathecal injection of bicuculline and/or strychnine produces allodynia in naive animals 83 (Loomis et al., 2001 ) and pharmacological potentiation of GABAergic mechanisms have been 84
reported to reverse neuropathic pain (Knabl et al., 2008; Knabl et al., 2009) . Despite this, it has 85 been reported that BDNF increases the potassium-induced release of GABA in the dorsal horn 86 (Pezet et al., 2002) . BDNF also increases spontaneous GABA release (increases miniature IPSC 87
frequency) yet reduces stimulation-evoked GABA release (reduces the amplitude of evoked 88 IPSC's) (Bardoni et al., 2007) . It has also been shown that stimulation of primary afferent fibers, 89 as may occur in neuropathic pain states, promotes heterosynaptic long term potentiation of 90
GABAergic transmission in Lamina I (Fenselau et al., 2011) . Rather than contributing to the 91 generation of central sensitization, changes such as these would be expected to impede its onset. 92
Further investigations of nerve injury or BDNF-induced changes in inhibitory synaptic 93 transmission are clearly warranted but these are complicated by the heterogeneity of the 94 8 pharmacologically-isolate sIPSCs by using 10μM CNQX plus 50μM AP-5 to block both the 166 AMPA and NMDA receptor components of sEPSCs, this antagonist mixture sometimes 167 attenuated or occasionally completely blocked sIPSCs (Lu et al., 2009b) . This presumably 168 reflected impediment of excitatory synaptic drive to the inhibitory interneurons that were 169 responsible for sIPSC generation. In view of this variable effect of CNQX/AP-5 on sIPSCs, we 170 elected to use a holding potential of 0mV rather than pharmacological methods to separate 171 sIPSCs from sEPSCs. The validity of this approach is supported by the observation that 172 bicuculline (10µM) plus 1µM strychnine completely eliminated all spontaneous outward current 173 activity recorded at 0mV (Fig 1B) . All data were acquired using Axon Instruments pCLAMP 9.0 software (Molecular 218
Devices, Sunnyvale, CA, USA). Analysis was confined to recordings from tonic firing neurons 219 which displayed islet or central cell morphology (tonic-islet-central neurons) (Lu et al., 2009a) , 220 delay firing neurons that exhibited radial cell morphology (delay-radial neurons) and neurons 221 exhibiting glutamic acid decarboxylase immunoreactivity (GAD+ neurons). 222 Synaptic events were analyzed using Mini Analysis™ software (Synaptosoft, Decatur, 223 GA, USA). Peaks of events were first automatically detected by the software according to a set 224 of threshold criteria. All detected events were then visually re-examined and accepted only if 225 they displayed a monophasic rise time to peak <25ms, a smooth offset and an amplitude > five 226 times the background noise. Typical recordings of sIPSCs are illustrated in Fig 1C. We 227 occasionally observed very large (up to 500pA) sIPSC's which had deflections on their rising 228 phase indicative of addition of multiple events (Figs 1C, right hand trace). Since these events 229 contributed to the total amount of GABA released they were not excluded from the analysis and 230 were considered as single events. They are likely the consequences of bursts of action potentials 231 which we previously observed in presynaptic neurons in organotypic culture (Lu et al., 2006) . from faster ones (τ < 20ms), we were able to perform independent analysis of changes in 291
GABAergic and glycinergic responses (see methods). 292 BDNF increased the mean amplitude of GABAergic mIPSCs (Fig 4B, P<0 .0001). This 293 change was also significant (P<0.001) with the KS test (Fig 4A) . There was however little effect 294 of BDNF on the frequency of GABAergic mIPSC's in delay radial neurons as there was no 295 significant change in mean IEI ( Fig 4D) and analysis of data by K-S statistics fell just short of 296 defining a significant effect (P = 0.054, Fig 4C) . These data were obtained from 4 control 297 neurons and 5 neurons treated with BDNF. 298
Analysis of the glycinergic mIPSC's generated by this cohort of neurons revealed a 299 similar trend in the action of BDNF. Thus, the amplitude of glycinergic mIPSC's was clearly 300 increased (Fig 4E and F; P<0.001 for both t-test and K-S statistics) whereas there was only a 301 14 weak tendency towards a decrease in frequency (Fig 4G and H 
BDNF increases the amplitude of mIPSCs in tonic-islet-central neurons. 327
By contrast with the observed decrease in amplitude of sIPSCs (Fig 5A) , BDNF 328 increased the amplitude of GABAergic mIPSCs in tonic-islet-central neurons by 22%. The data 329 are shown as cumulative probability plots (P<0.001, KS test) in Fig 6A and replotted using mean  330 data ± SEM in Fig 6B (P< 0.001, t-test) . The frequency of GABAergic mIPSCs also appeared to 331 increase (IEI decreased Fig 6C, P<0 .02, KS test). This difference was not reflected as a 332 significant decrease in mean IEI (Fig 6D, P=0 .56, t-test). These data were obtained from 6 333 control neurons and 5 neurons treated with BDNF. 334
There was similarity between the actions of BDNF on GABAergic and glycinergic 335 mIPSC's in this sampling of neurons. More larger amplitude glycinergic IPSC's appeared after 336 BDNF treatment (Fig 6E) but there was no significant change in mean sIPSC amplitude (Fig 6F) . 337
The frequency of glycinergic mIPSC's was unaffected by BDNF (Fig 6G and H) . 338
339
Effects of BDNF on sIPSCs in GAD+ neurons. 340
The observed decrease in amplitude of sIPSCs in tonic-islet-central neurons (Figs 5A and 341 B) and the tendency towards longer IEI (Fig 5C) , suggests that BDNF may decrease inhibitory 342 drive to inhibitory neurons. We therefore examined the effect of BDNF on spontaneous 343 inhibitory activity in inhibitory neurons that were identified by the presence of glutamic acid 344 decarboxylase (GAD) immunoreactivity. Of these neurons, 11/24 exhibited a tonic firing pattern, Resting potential and input resistance of GAD+ neurons were unaffected by BDNF (Table 1) frequency of sEPSCs in delay-radial neurons is 4.7 times greater than the frequency of sIPSCs 382 (Fig 8C and E) and the frequency of sEPSCs in tonic-islet-central cells is 3.3 times greater than 383 of sIPSCs (Fig 8D and F) . Thus the excitatory synaptic drive to both neuron types is greater than 384 the inhibitory synaptic drive. Since we have previously shown that BDNF increases excitatory 385 synaptic drive to delay-radial neurons and decreases it to tonic-islet-central neurons (Lu et The main finding of this study is that BDNF increases inhibitory synaptic drive to 392 putative excitatory substantia gelatinosa neurons yet decreases inhibition of putative inhibitory 393 neurons ( excitability. This clearly does not happen as it is clearly established thatBDNF increase overall 397 excitability of the dorsal horn both in vivo (Coull et al., 2005) 
BDNF increases inhibitory synaptic drive to excitatory (delay-radial) neurons. 408
The increase in sIPSC amplitude in delay-radial neurons after BDNF is highly significant 409 (Fig 3A and B) as are the increases in the amplitude of GABAergic and glycinergic mIPSC's 410 amplitude (Fig 4A, B , E and F, Table 2). It is not possible to determine whether these increases 411 reflect increased postsynaptic sensitivity to inhibitory neurotransmitters, increased quantal size, 412 increased quantal content of sIPSCs or a combination of all three effects. 413
The clear increase in sIPSP frequency in delay radial neurons (Fig 3C and D) is in 414 agreement with our previous findings where less rigorous criteria were used to define excitatory 415 neurons (Lu et al., 2009b ) (See Table 2 ). Since the frequency of GABAergic mIPSC's is 416 unchanged (Fig 4C and D) and that of glycinergic mIPSC's may be slightly reduced (Fig 4G and  417 19 H), this cannot explain the increase in sIPSC frequency.It could instead be a consequence of an 418 increase in action potential frequency in presynaptic inhibitory neurons. But, this seems unlikely, 419 as our data presented in Fig 8B show that BDNF decreases the frequency of AP's in tonic islet 420 central neurons which form inhibitory synapses onto excitatory neurons (Lu & Perl, 2003) . We 421 thus have no satisfactory explanation for the observed increase in sIPSC frequency seen in delay 422 radial neurons (Fig 3C and D; Table 2 ). 423
424
BDNF decreases inhibitory synaptic drive to inhibitory (tonic-islet-central) neurons. 425
The decrease in sIPSC amplitude in tonic-islet-central neurons is also highly significant 426 (Figs 5A and 5B) whereas any decrease in sIPSC frequency may be regarded as modest (mean 427 frequency unchanged Fig 5C; more long interevent intervals Fig 5D) . Clearer effects are seen in 428 GAD+ neurons where the both the amplitude and the frequency of sIPSC's are reduced (Fig 7A-429 C). The latter is consistent with our previous findings on tonic as opposed to tonic-islet-central 430 neurons (Lu et al., 2009b ) (see Table 2 ). 431
The lack of effect of BDNF on GABAergic mIPSC's in tonic islet central neurons (Fig  432   6C and D) and the small effect on glycinergic mIPSC's (Fig 6G and H) likely also corresponds 433 to the lack of change in overall mIPSC frequency seen in the more broadly defined tonic neuron 434 population (Lu et al., 2009b) . 435
The lack of correspondence between the effect of BDNF on sIPSC amplitude, which is 436 decreased (Fig 5A) and GABA and glycinergic mIPSC amplitude which is increased in tonic-437 islet-central neurons (Fig 6A and B; Table 2 ) is difficult to explain. One possibility is that 438 quantal size of unitary events (mIPSC amplitude) increases whereas the quantal content of be less large sIPSC's in BDNF treated tonic-islet-central neurons (Fig 5A) . Perhaps the 448 decreased rate of firing of presynaptic inhibitory neurons (Fig 8B) is reflected in loss of temporal 449 summation of sIPSC's and generation of less multiple sIPSC's ( Fig 1C) . This could alter the 450 overall distribution of events and decrease in mean sIPSC amplitude despite an increase in 451 mIPSC amplitude. 452
The observation that BDNF decreases the firing rate of tonic-islet-central neurons (Fig  453   8B ) predicts the decrease in frequency of action potential-dependent sIPSCs in GAD+ neurons 454 (Fig 7C) and the tendency for sIPSC frequency to decrease in tonic-islet-central neurons (Fig  455   5C ). This is because inhibitory neurons are known to have reciprocal inhibitory connections in 456 substantia gelatinosa (Zheng et neurons is increased (Fig 3) , delay-radial neurons discharge more spontaneous action potentials 466 after BDNF (Fig 8A) . This may be attributed to the dominance of excitatory over inhibitory drive 467 to these cells (Fig 8C and E) and its augmentation by BDNF (Lu et al., 2009a) . Similarly, despite 468 the decreased inhibitory drive to tonic-islet-central and GAD+ neurons (Fig 5 and 7) , the firing 469 rate of tonic-islet-central neurons is decreased by BDNF (Fig 8B) . This again may reflect the 470 dominance of excitatory drive over inhibitory to these neurons (Fig 8D and F) and our previous 471 observation that it is attenuated by BDNF (Lu et al., 2009a) . The predominance of excitation 472 over inhibition in substantia gelatinosa (Santos et al., 2007) was underlined in a recent paired 473 neuronal recording study. Of 221 pairs of neurons studied, only 38 exhibited inhibitory 474 connections whereas 183 excitatory connections were observed (Santos et al., 2009) . We have 475 also noted that 5d exposure of organotypic cultures to BDNF increases their overall excitability 476 even after blockade of GABA A receptors with SR95531 (Lu et al., 2009a) . 477
The strong and persistent excitatory effect of BDNF in dorsal horn raises the possibility 478 that an increase in inhibitory function represents a homeostatic response. In other words, the 479 observed upregulation of inhibition may be a response to a pathological increase in excitability 480 rather than a direct consequence of BDNF action. One argument against this is the observation 481 that acute application of BDNF acting through a tyrosine kinase receptor rapidly increases 482 mIPSC amplitude in spinal cord slices (Bardoni et al.,2007) . Since sIPSPs are less frequent than sEPSCs in both tonic-islet-central and delay-radial 516 neurons in substantia gelatinosa (Fig 8C -F) , it is unlikely that changes in inhibition would 517 promote much change in the overall activity in this region. This relative paucity of IPSPs is 518 consistent with the observation that only 31% of neurons in this region exhibit GABA-like 519 and/or glycine-like immunoreactivity (Todd & Sullivan, 1990) . 520 521
Conclusions. 522
Since long term exposure to BDNF increases overall dorsal horn excitability (Lu et 
